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ABSTRACT 

In order to obtain the hull form with the excellent resistance 
performance, the optimal design program of hull lines with the 
independent intellectual property is developed.  An optimal 
design method is proposed based on the minimum total resis-
tance and on NGA, SGA and NLP.  The fore-body is optimized 
with total resistance as the objective function, (in which total 
resistance can be expressed as sum of wave resistance and 
friction resistance), with the parameter of hull form modifica-
tion function as design variables, with an appropriate dis-
placement as a constraint.  At last, the numerical optimization 
examples for s60 ships are provided, which indicates that the 
resistance is reduced distinctly and the lines is smoothing. We 
can conclude that the hull optimization based on the Rankine 
source method is more reliable. 

I. INTRODUCTION 

In the process of ships, the determination of hull lines is 
complicated and pivotal, in respect that ships main perform-
ance of the rapidity (resistance and propelling), maneuver-
ability and seakeeping would be influenced directly.  However  
to obtain the hull shape of the minimum resistance is the 
primary goal of designers. Formerly, the hull lines design 
which refers excellent original hull is finished by compositive 
method of the deviser’s experience and ship model testing.  
However, such method requires a great amount of time and 
labor and also suffers from some limitations. Along the grad-
ual progress of computational fluid dynamics (CFD) and the 
fast development of the computer technology, the optimization 
design of the hull lines based on the CFD theory is become 
feasible.  The research result is applied in hull design for the 
advanced nations with the shipbuilding technology, such as 

Europe, America, Japan , Korea ,etc. But, at present, the tra-
ditional and experiential method is used in ships design de-
partment in our country [8].  Nowadays, the shipbuilding 
capacity of our country is in the front of world, however the 
shipbuilding technology is unenlightened slightly. In order to 
increase competitiveness and cability of ship form develop-
ment in international market, an optimization design method 
of excellent hull lines with the resistance performance and to 
development of program of ship lines of optimal design with 
the independent intellectual property is in  urgent need.  

In China, the studies on optimization design of hull form 
with mathematical techniques based on CFD theory started in 
the 1980s [4], in the world, the initial research was carried out 
in Japan, the method of the mathematical programming ap-
plied to create hull form started in the 1960s.  Every country 
has invested a great effort after the 1980s and with a series of 
results comed out [5, 1].  In the study, the NLP has been used 
as optimization method, the fore-body of hull has been used as  
design object, and Michell integral method was often used in 
the calculation of wave making resistance for its fast calcula-
tion speed, but has not been put into wide applications due to 
the large deviation between the calculation results and ex-
perimental results.  In the 1990s, the nonlinear wave-making 
resistance theory was developed.  Japanese scholar optimizes 
hull from by Rankine source method.  The actual hull form of 
the minimum wave-making resistance is obtained by calcula-
tion and optimization design of the wave-making resistance 
based on the Rankine source method [6, 7].  In this paper, an 
optimization design model of minimum wave-making resis-
tance is proposed based on Rankine source method, which 
combined with NGA, SGA and LNP to take excellent hull 
lines of the resistance performance rapidly, and also the op-
timal design program of ship lines with the independent in-
tellectual property is developed. 

II. ESTABLISHMENT OF THE HULL FORM 
OPTIMIZATION MODEL 

1. Objective Function 

In the present study, the total resistance RT is selected as 
objective function in the optimization design process, the  RT is 
expressed the sum of wave making resistance RW and  
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Fig. 1.  The scope of optimization design of the S60 hull form. 

 
 
viscous resistance (1 + K)RF, namely 

 w ( 1) minT FR P R K R= ⋅ + + ⋅ →  (1) 

The RW is calculated by the Rankine source method [9, 10], 
the form factor K is calculated by following formula. 

 2 20.11 0.128 0.0157( ) 3.10 28.8( )
/ /
B BC CB B

K
d d L B L B

= + − − +  

  (2) 

where L is the ship length between perpendiculars, B is the 
breadth, d is the draft, CB is the block coefficient and the cor-
rection  coefficient of wave making resistance P can be taken 
as a ratio, which is calculated by dividing the experiment value 
into the theoretical computation value at the design speed of 
original hull. 

 2 2
0

1

2F fR U S Cρ ∞= ⋅ ⋅ ⋅ ⋅  (3) 

Cf 0 is the frictional resistance coefficient of a flat plate. 

 ( 2.6)
0 100.463(log e)fC R −=  (4) 

 e

U L
R

ν
∞=  (5) 

where U∞ is the design speed, ρ the density of the fluid, S the 
wetted hull surface area, Re the Reynolds number and ν the 
coefficient of kinematic viscosity for fluid. 

2. Design Variables and Hull Form Modification Function 

The fore half of the hull form is selected as the scope of 
optimization design, moreover, hull bottom, water plan, stem 
and stern profiles cannot be modified in hull form improve-
ment, as shown in Fig. 1. 

In the optimization process, the hull form modification 
function w(x, z) is introduced to represent an improved hull 
surface y(x, z) [6], which can be used to generate a new hull 
surface by multiplying it by the offset data of the original hull 
surface f 0(x, z), namely. 

w(x, z)

x

m = 1
m = 2
m = 3

x = x0x = -l
 

Fig. 2.  The basic weight function. 
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Fig. 3.  The shape of the hull form modification function. 
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where x0 and xmax are the characteristic parameters for the hull 
form modification, L/2 is the longitudinal length of the front of 
the fore body (including the bow bulbs).  d is generally the 
greatest depth which might be modified.  If the baseline is 
unchanged, then d is the draft, and Amn and z0 are taken as the 
design variables in the optimization procedure.  Fix m, n = 1,  
2, 3 we will have altogether 9 variables for Amn, with total 
number of design variables not surpassing 10. 

When (m, n = 1, 2, 3 ……), the shape of basic weight 
function as shown in Fig. 2 and the hull form modification 
function as shown in Fig. 3. 
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Table 1.  The optimization results based on the NGA, SGA and NLP. 

Optimization method Constraint conditions Design Fn RW /RW0 RF/RF0 RT /RT0 V/V0 S/S0 

NGA 
SGA 
NLP 

1、2 
1、2 
1、2 

0.285 
0.285 
0.285 

0.688 
0.756 
0.812 

1.007 
1.001 
1.004 

0.886 
0.920 
0.945 

1.017 
1.002 
1.039 

1.012 
1.001 
1.011 

 
 

3. Constraint Conditions 

The ship’s hull was subjected to the following geometric 
constraints. 

 
(1) The y coordinates of the ship’s hull are nonnegative, 

namely. 

 ( , ) 0y i j ≥  

(2) The displacement volume must be greater than the origi-
nal value, namely. 

 0V V≥  

where V0, V are the displacement volumes of the original hull 
and the improved hull, respectively. 

4. Optimization Method 

In general engineering optimization problems, the objective 
functions are nonlinear with respect to the design variables, 
and complex design constraints are imposed.  In this paper, the 
SUMT of the NLP, SGA [2] and NGA [3] are selected to 
minimize the objective function under design constraints. 

5. An Example of Hull Form Optimization 

In this article, the S60 hull form is selected as the original 
hull to be optimized.  The hull surface is divided into 100 
panes.  The free surface is divided into 704 panes and the free 
surface domain is taken from 1.5 ship length upstream to 2.5 
ship length downstream and its transverse extension is about 
1.5 ship length.  The principal particulars and hull grid are 
shown in document [8]. 

The optimization results show that while Fn = 0.285, the 
total resistance and wave-making resistance are decreased 
rapidly by three optimization methods, especially the NGA, as 
shown in Table 1. 

The comparisons of body plans between the optimized hull 
form (NGA, SGA and NLP) and the original hull are shown in 
Figs. 4, 5 and 6.  The resulting forms are entirely dictated by 
the hydrodynamic behavior associated with the changes in hull 
shape, and the optimized hull form  (NGA, SGA and NLP) has 
scarcely deviated from the original hull, and the frame lines of 
the fore-body of hull become U-shaped for the modified hull, 
and this effectively makes the water plane narrower and moves 
the volume from the upper to the lower region.  Among them, 
the optimal hull form from the method of NGA makes the 
offset more obvious. 

Original hull Improved hull (NGA)
18 16 14 12115

4

3

2

1
0B. L.  

Fig. 4. The comparison of body plans between the original hull form and 
the improved hull form (NGA). 

 
Original hull Improved hull (SGA)
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2

1
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Fig. 5. The comparison of body plans between the original hull form and 
the improved hull form (SGA). 

 
Original hull Improved hull (NLP)
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Fig. 6. The comparison of body plans between the original hull form and 
the improved hull form (NLP). 
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Fig. 7. The comparison of wave making resistance coefficient curves be- 

tween the original hull form and the improved hull form. 
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Fig. 8. The waveform along the hull of the original hull form of and the 

improved hull  form (NGA). 
 
 
Fig. 7 shows the comparisons of the wave making resis-

tance coefficient for the improved hull and the original hull.  It 
can be seen that a reduction in the wave making resistance 
coefficient is achieved.  The optimized forms lead to a less 
wave making resistance over a wide range of design speeds. 

The comparisons through the calculated wave profiles 
along the hull are shown in Figs. 8, 9 and 10, respectively.  The 
optimized hull generates a slightly greater wave height at the 
bow than the original hull. This is due to the increased steep-
ness of the waves created at the bowl. This phenomena is 
likely to have be caused by the following reasons: 

 
(1) The wave profiles use free surface’s wave height of hull 

accessory, not in the actual hull, especially in the stem and 
bow. 

(2) Free surface based on linearization can not be simulated 
actual boundary condition completely, because the stem 
and bow of ship are affected by the intense nonlinear. 

 
Figs. 11, 12 and 13 show the contours of the non-dimensional 

wave pattern calculated for the optimized hull (lower) and the 
corresponding wave patterns for the original hull (upper) at  
Fn = 0.285 respectively.  From the diagram, we can find that 
optimal hull form has obvious shape of Kelvin Waves.  The 
differences in the wave fields generated by optimized hulls 
and the original hull are clear. 
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Fig. 9. The waveform along the hull of the original hull form of and the 

improved hull  form (SGA). 
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Fig. 10. The waveform along the hull of the original hull form of and the 

improved hull  form (NLP). 

 

III. THE COMPARISONS OF THE 
OPTIMIZATION RESULT BETWEEN  

GA AND LNP 

The comparisons of the resistance performance and waste 
time of the optimal hull (NGA, SGA and NLP) are shown in 
Figs. 14 and 15, respectively.  The resistance performance of 
the optimal hull (NGA and SGA) is better than NLP, and the 
hull lines of the improved hull shift to side more obviously, in 
addition, the small bow bulb is obtained in optimization 
process.  At least, from this point of view, the NGA and SGA 
are more excellent than traditional optimization method.  But, 
the optimization speed is quite slower than NLP.  So, how to 
increase the calculating speed of optimization (NGA and SGA) 
will be discussed in later research. 

IV. CONCLUSION 

In the present studies, NGA, SGA and NLP have been in-
troduced to optimize the hull lines.  In the optimization proc-
ess, the minimum total resistance is taken as objective function, 
the parameters of hull form modification function are used as 
the design variables, and the displacement is used as the con-
straint to optimize the bow-body of hull. 

Three improved hulls are obtained by the optimization of 
the bow-body of the hull with S60 hull form as the original  
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Fig. 11. The waveform contours of the original hull form and the im-

proved hull form (NGA). 
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Fig. 12. The waveform contours of the original hull form and the im-

proved hull form (SGA). 
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Fig. 13. The waveform contours of the original hull form and the im-

proved hull form (NLP). 
 
 

hull.  Then we get the optimum hull form under the condition 
that the design speed Fn is 0.285.  Total resistance and wave- 
making resistance are reduced by about 11.4% and 31.2% for 
NGA, 8.0% and 24.4% for SGA, and 5.5% and 18.8% for  

Cw, L

NPL SGA NGA
6.57E-04 6.57E-04 6.57E-04
5.34E-04 4.97E-04 4.52E-04improved hull

original hull

7.00E-04
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5.00E-04
4.00E-04
3.00E-04
2.00E-04
1.00E-04
0.00E-04

 
Fig. 14. The comparison of the reduced resistance effect of the GA and 

NLP. 
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Fig. 15. The comparison of the expensed time of the GA and NLP. 
 
 

NLP, respectively compared with initial hull form.  Further-
more, the improved hull is smooth and more close to the actual 
hull.  Therefore, We can get conclusion that NGA method 
performs better in optimization calculation by the comparison 
of the optimal results to SGA and NLP. 
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